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ROCKET-MODEL INVESTIGATION TO DETERMINE THE LIFT AND 
PITCHING EFFECTIVENESS OF SMALL PULSE ROCKETS EXHAUSTED 
FROM THE FUSELAGE OVER THE SURFACE OF AN ADJACENT 
WING AT MACH NUMBERS FROM 0.9 TO 1.8* 
By C. William Martz 
SUMMARY 
Experimental free-flight data have been obtained at Mach numbers 
from 0.9 to 1.8 on the normal force and pitching effectiveness of several 
small pulse rockets located in the fuselage of a rocket propelled model. 
The pulse rockets were arranged to exhaust in a spanwise direction over 
the surface of a tapered and unswept wing and thereby to induce a lifting 
load on the wing. Wing-damping data were obtained from the wing bending 
response to the pulse-rocket excitations, and longitudinal stability 
data were determined from the model response. 
Results show that the normal forces induced by the pulse rockets 
were from 5 to 8 times as large as the corresponding thrust of the 
rockets . The peak angles of attack produced by the pulse-rocket dis-
turbances were from 2 t o 5 times as large as peak angles of attack cal-
culated for vertically mounted pulse rockets at the same longitudinal 
stations (wing interference effects being neglected). This ratio was 
greater for the pulse rockets located nearer the wing leading edge. 
INTRODUCTION 
Previous investigations (for example, refs. 1 and 2) indicated 
that pulse rockets or jets exhausted in the proximit y of aerodynamic 
surfaces induced considerable loads on these surfaces. This suggested 
that ,small rockets or air jets might be used as a means of flight control. 
*Title J Unclassified. 
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These curves are typical and are included without discussion as a 
matter of interest. 
CONCLUDING REMARKS 
Exhausting small pulse rockets spanwise across a wing in free flight 
at Mach numbers from 0.9 to 1.8 induced normal-force loads from 5 to 8 
times as large as the corresponding thrust of the pulse rockets. 
The maximum angles of attack produced by the pulse-rocket disturb-
ances was from 2 to 5 times as large as the peak angles of attack cal-
culated for vertically mounted pulse rockets at the same longitudinal 
stat ions (with wing-interference effects neglected). For the firing 
sequence used, which involved a wide variation in flight Mach number, 
the increase in effectiveness in producing peak angle of attack was 
greater for pulse rockets located nearer the wing leading edge. 
The pulse rockets used offer a simple and effective means Of 
exciting wing oscillations for flight flutter-testing purposes without 
affecting the wing response. 
Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., July 16, 1958. 
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Figure 6. - Pulse-rocket normal-force effectiveness as a function of Mach number. Pulse-rocket 
thrust coefficient also shown. Firing sequence indicated by pulse number. 
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(b) Ratio of measured peak a response to calculated peak a response 
for vertical rockets as a function of rocket location along the wing 
chord. 
Figure 7.- Effectiveness of pulse rockets as angle-of-attack producers. 
Firing sequence. indicated by pulse number. 
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Figure 8.- Typical time history of wing vibrometer envelopes for pulse 
number 1. 
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Figure 9.- Wing damping (first bending mode) as a function of Mach number. 
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Figure 10.- Variation of wing reduced frequency with Mach number. 
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Fi gure 11. - Static st ability der i vative Cmu as a f unction of Mach 
number . 
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Figure 12 .- Effect of Mach number on mode l normal-f orce effectiveness . 
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Figure 13 .- Effect of Mach number on model pitch damping. 
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